Comment on "Quantitative Model for the Su 
perconductivity Suppression in Rj 
with Different Rare Earths" 
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In a recent letter [1], a model for the electronic struc- 
ture of R, Pr BaXu^CL , based on the LDA + U scheme 

1— x x 2 3 7' 

was proposed. The T suppression by Pr substitution was 
argued to be due to the transfer of holes from the supercon- 
ducting CuO pda to a dispersive p f% band formed by 2p % 
and Pr 4/ orbitals. The insulating nature of PrBa 2 Cu 3 ? 
was ascribed to disorder from Ba atoms on the Pr sites. In 
contrast to Ref. [2], where a similar model starting from a 
local description was proposed, the calculated width W of 
the pfn LDA band is substantial (~ 1.6eV). Furthermore, 
it was argued that Ref. [2] fails to explain the ion size ef- 
fect [3] on the critical concentrationx c at which T vanishes 
for different R in R 


Pr Ba 2 Cu 3 O r 


in 


We comment on three points: (i) The real part of the 
Q«^ac conductivity o l (co) from a single crystal of PrB a 2 Cu 3 ? 
,[4] exhibits a large anisotropy. The spectral weight with 
^polarization parallel to the chains is substantially larger 
* —J fhan that perpendicular to the chains. The latter probes the 
^-^response of the planar states. If those states were well de- 
^scribed by a single-particle model like the pfn LDA band 
mentioned above, disorder on the R site (claimed to be re- 
insponsible for the localization of these otherwise highly dis- 
^Dpersive states) should lead to a Drude-like ac conductiv- 
j^ity for frequencies CO larger than a small cut-off frequency 
(O^c <C W. For CO < (i> c , the conductivity should drop to zero, 
l/~)due to the localization of single-particle states in 2D. 
ON Fig. 1 shows C7,(co) for a nearest neighbour tight- 


inding model (f = 0.2eV, i.e., W = 1.6eV) on an L x L 


^(L = 50) square lattice in the presence of potential disorder, 
Mmodelled by changing the on-site energies of N randomly 
'^selected sites to some value V. The conductivity was ob- 
tained from 
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where j the current operator, and E ,E QVq,^ ) the exact 
eigenvalues (eigenstates) from numerical diagonalization. 
The impurity concentration was n ( . = N/L 2 = 0.1, the elec- 
tron density n g = 0.6, corresponding to a complete transfer 
of doped holes from the two (one for each Cu0 2 sheet) pda 
bands to the single pfn band. A data point at frequency CO 
was obtainedby adding the weight of all excitations within 
an interval [co — 8co.co + 8co] (8co = 0.006?) and averaging 
over 1 realizations of the disorder. The plots clearly show 
Drude-like behaviour (with a large low-frequency conduc- 
tivity) as argued above, in contradiction to the experimen- 
tal spectra [4] , which exhibit a slowly rising small conduc- 
tivity up to energies of the order of 3eV. Hence, we con- 
clude that a single-particle model with potential disorder 
as proposed in [1] cannot explain the ac conductivity in 
PrBa 2 Cu 3 ? , and argue that strong correlations (best de- 
scribed by a local picture as outlined in [2]) are primarily 
responsible for the absence of Drude conductivity. 
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Fig. 1. Ac conductivity of a 2D tight-binding model on a 
square lattice in the presence of potential disorder. 

(ii) In Ref. [2], the absence of superconductivity in 
PrBa 2 Cu 3 ? is due to the existence of a W v oxidation 
state formed from hybridized Pr 4/ and O 2p n orbitals 
which lowers the energy of added holes as compared to 
the superconducting CuO pda band. The energy differ- 
ence A pF between these two states is dependent on essen- 
tially two interatomic distances: <i Cu0 , the planarCuO dis- 
tance, and d R0 , the distance between the rare earth atom 
and its O neighbours. An analysis of these distances for 
the series RBa 2 Cu 3 ? [5] showsthatA pp decreases with de- 
creasing ionic size ofR, favouring the superconducting so- 
lution. Hence, the model of Ref. [2] is in qualitative agree- 
ment with the observed increase of the critical concentra- 
tion.^ with decreasing R ion size in R 1;c Pr j: Ba 2 Cu 3 7 [3] . 

(iii) The splitting between the spin-minority and spin- 
majority channels of the p f% LDA band in [ 1 ] is of the or- 
der of its width W. This is usually an indication for the im- 
portance of correlation effects, and underlines our conclu- 
sions in (i). 
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